ice (Oryza sativa L.) grain quality traits not only command worldwide attention from consumers but also play a crucial economic role for millers, manufacturers of conventional and convenience foods, and exporters to international markets. Appearance, eating, cooking, and milling characteristics constitute the primary components of rice grain quality. Factors such as grain shape and translucency of the endosperm have been shown to infl uence the appearance (Unnevehr et al., 1992; Juliano and Villareal, 1993 ). Milling quality is typically assessed as brown-rice percentage, milled-rice percentage, and head-milled rice. Grain from which the bran has not been removed is considered brown rice, and the combined whole and broken rice grains with the bran removed constitute total milled rice. Farmers are paid on the basis of the yield of whole milled kernels, called "head" or "whole-grain" rice, which is defi ned by U.S. millers as kernels that are at least 75% of the length of a whole kernel. Milling yield is expressed as the percentage of head rice relative to the percentage of total milled rice. It is well known that head rice is the most important characteristic of overall milling quality. Other traits, such as chalky endosperm, are considered important for overall grain quality. Several quantitative trait loci (QTL) mapping studies for head rice have been reported within the last ten years that identifi ed numerous genomic regions with large or small effects across different chromosomal regions (Tan et al., 2001; Septiningsih et al., 2003; Aluko et al., 2004; Zheng et al., 2007; Kepiro et al., 2008; Hao et al., 2009; Lou et al., 2009) .
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There is currently no publicly available mapping population developed from the japonica long-grain parents to investigate genomic architecture of grain-related characters and associated agronomic traits. The objective of this research was to develop a japonica-based recombinant inbred line (RIL) mapping population that will assist in the identifi cation of genomic regions associated with head 
Materials and Methods

Parents
The long-grain cultivar 'Cypress' (PI 561734) was developed from an F 5 -derived bulked line in 1986 from the cross 'L-202' (PI 483097)/'Lemont'(PI 475833) and released in 1993 by the Louisiana Agricultural Experiment Station (Linscombe et al., 1993b) . Cypress is characterized as a semidwarf plant type that has a height of 96 cm height and early maturity, with 85 d to heading. The endosperm is nonglutinous and nonaromatic with a light brown pericarp. The lemma and palea are glabrous and straw-colored, and the apiculus is purple, although the coloration fades as the grain approaches maturity. Milled grains are clear in appearance with a length:width ratio of 3:2. The cultivar exhibits an apparent amylose content of 215 g kg −1 and an intermediate gelatinization temperature (70-75°C) corresponding to an average alkali spreading reaction of 3 in 1.7% KOH. Cypress consistently produces a high head rice %: total milling % ratio, which averaged 61%:70% across replicated, multilocation trials from 1988 to 1991 (Linscombe et al., 1993a ). This cultivar is noted for high levels of resistance to grain fi ssuring, or cracking, across variable harvest moistures that allowed greater latitude in timing of harvest versus that of other southern U.S. long-grain cultivars. Indeed, this cultivar has been considered the "gold standard" for high head rice percentage in southern U.S. cultivars for the past fi fteen years.
The long-grain cultivar 'LaGrue' (PI 568891) was developed from an F 5 -derived bulked line in 1987 from the cross 'Bonnet 73'(CIor 9654)/'Nova 76'(CIor 9948)//'Bonnet 73'/3/'Newrex' (CIor 9969) and was released in 1993 by the Agricultural Experiment Station of the University of Arkansas (Moldenhauer et al., 1994) . LaGrue exhibits a conventional plant height of 108 cm and early maturity, with 87 d to heading. The endosperm is nonglutinous and nonaromatic and has a light brown pericarp. The lemma, palea, and apiculus are glabrous and straw-colored, with awns up to 2.5 cm in length on the lemma at maturity. Milled grains produce a length:width ratio of 3.4. Amylose content for LaGrue is 226 g kg −1 and gelatinization temperature is intermediate (70-75°C), which corresponds to average alkali spreading reaction of 3.8 in 1.7% KOH. LaGrue produces head rice yields of 60% under optimum harvest moistures of approximately 20%, but milling yields are variable when harvest conditions are not optimal. 
Development of MY2 Mapping Population
Milling of Rice Grains
Rough rice samples (125 g) from parents and MY2 lines were dried to 12% moisture and milled using a McGill No. 2 mill (Rapsilver Supply Co. Inc., Brookshire, TX). Whole kernels were separated from broken ones with a shaker-separator, and kernels with lengths greater than or equal to 3/4 full length of a kernel were considered whole-grain head rice. Grain weights obtained after milling and separating were used to calculate total milling percentage and head rice percentage.
Phenotypic, Genotypic, and Genomic Sequence Data of Parents and MY2 Lines
Genotype and trait data for each parent and line in the MY2 population has been made publicly available at the following website: http://www.ars.usda.gov/msa/jwdsrc/ gbru (verifi ed 1 November 2009). Seedlings of the Cypress and LaGrue parents were grown in the dark for about 14 d to minimize presence of chloroplasts in the leaves that were to be collected for isolating total DNA with the DNeasy 96 Plant kit (Qiagen, Inc., Hilden, Germany). As part of the RiceCAP project, the nuclear DNA sequence for both parents was determined at the National Center for Genome Resources, Santa Fe, NM with a whole-genome shotgun sequencing approach and the Illumina Genome Analyzer II (Illumina, Inc., San Diego, CA) sequencing platform. A database consisting of single nucleotide polymorphisms between the two parents has been posted at the website http://www.ars.usda.gov/Services/Services. htm?modecode=64-02-50-00 (verifi ed 6 November 2009). The percentage of chalky endosperm was three-to fourfold higher in LaGrue versus Cypress across both years in Louisiana (Table 1 ). The mean values for MY2 fell in between those of the parents. The parental and MY2 differences observed for the percentage of chalky endosperm in Louisiana were not observed in Arkansas, where nearly identical means and ranges were detected in both years. Only a slight variation in mean days to heading was found for the parents and MY2 across years and locations. As
Characteristics
Field and laboratory analyses of the MY2 population in Louisiana and Arkansas revealed segregation for several traits (data not shown). Phenotypic distributions for the percentages of head rice and chalky endosperm in Louisiana and Arkansas are shown in Fig. 1 . The frequency distribution for these two traits suggested quantitative inheritance and transgressive segregation that were consistent with previous reports (Tan et al., 2001; Septiningsih et al., 2003; Aluko et al., 2004; Zheng et al., 2007; Kepiro et al., 2008; Hao et al., 2009; Lou et al., 2009) . Quantitative inheritance was also inferred by inspection of the distribution of the remaining traits (data not shown).
Mean values of the measured grain and agronomic traits for the parents of Cypress and LaGrue are shown in In Arkansas, the differences in the head rice percentages between the parents decreased compared with the differences in Louisiana because Cypress showed about a 10% reduction in the percentage of head rice and LaGrue showed a 3% increase. The mean head rice values for each parent and for MY2 were stable across years at each location. The percentage of total milling was slightly higher for Cypress versus LaGrue across years and locations, and MY2 lines, 16 were found to be Cypress selfs, 6 to carry nonparental alleles, and 5 to be highly heterozygous, reducing the mapping population to 298 lines. The genetic map was assembled with CarthaGène software http://www.inra.fr/ mia/T/CarthaGene (verifi ed 3 June 2010). Overall marker segregation was 41:40:15:4 (Cypress:LaGrue:heterozygote :missing data), giving an excess of heterozygosity corresponding more closely to an F 4 than to the F 6 generation. Regions of segregation distortion were detected on chromosomes 2, 9, and 11 (data not shown). Polymorphism information content values for the SSR markers ranged from 0.2533 to 0.3750. Multiple interval mapping (MIM; Kao et al., 1999 ) detected several putative QTLs for head rice in 2006 and 2007 at the Louisiana or Arkansas location, but no common markers were found at both sites. The MIM analysis revealed that the most reproducible effects appeared on chromosome 1 (interval RM3324-RM5794) and 9 (interval RM8206-RM3912) for Arkansas and chromosome 8 (interval RM22952-RM5493) and 10 (interval RM25470-RM5494) for Louisiana (Fig. 2) . All alleles for increasing head rice, except those on chromosome 8, were derived from Cypress, as would be expected.
Availability
Seeds of the MY2 RIL mapping population and the Cypress and LaGrue parents will be maintained by Dr. Linear correlations of head rice with grain quality and agronomic traits are presented in Table 2 . As expected, a strong positive association between head rice and total milling was observed across years and locations. Weak or moderate negative correlations were detected between head rice and grain dimensions, the percentage of green kernels, and the percentage of chalky endosperm. Moderate to strong negative correlations were found between head rice and days to heading in Louisiana, but only positive correlations were detected in Arkansas. Plant height was weakly associated with head rice at each location in both years.
Genetic Map of MY2 Population
The original 325 lines of MY2 were genotyped with 107 selected SSRs across all 12 chromosomes. For the MY2 be noted if the MY2 population contributes to research on grain quality, development of new genetic stock, molecular tools, germplasm, or cultivars.
